We studied the local and systemic concentrations of pro-inflammatory cytokines produced during acute lower extremity ischaemia and following reperfusion in 19 patients undergoing thromboembolectomy of the femoral artery. Blood samples were taken from the femoral vein (local response) and radial artery (systemic response) in the ischaemic ( 
Introduction
Prolonged arterial occlusion during vascular reconstruction of the extremities or acute arterial thromboembolic events result in ischaemia in skeletal muscle. The tolerance of skeletal muscle to ischaemia is greater than in many other tissues, but extended periods of ischaemia/reperfusion (I/R) can lead to local muscle injury and tissue oedema. Reperfusion injury triggers a systemic inflammatory response characterized by the release of pro-inflammatory cytokines and activation of circulating polymorphonuclear leucocytes.
1,2 The tissue injury seen on restoration of blood flow causes the release of toxic metabolites into the systemic circulation. Local tissue injury in the ischaemic extremity, as well as injury in remote tissues, may therefore be observed. 3 Pro-inflammatory cytokines, such as interleukin (IL)-1β, IL-6, IL-8 and tumour necrosis factor (TNF)-α, play an important role in the pathogenesis of the inflammatory response resulting from I/R injury. 1,3 - 10 We aimed to evaluate the relationship between local and systemic concentrations of pro-inflammatory cytokines after reperfusion following thromboembolectomy in patients with acute lower extremity ischaemia. We tested the hypothesis that there is an association between the plasma concentration of pro-inflammatory cytokines and the intensity of inflammation.
Patients and methods

PATIENTS
Patients admitted to our unit with suspected acute arterial occlusion were considered for the study. The Trakya University Ethics Committee approved the study and all patients gave written informed consent. A preliminary diagnosis of acute arterial occlusion was made if there was history of acute extremity pain and femoral artery and distal pulses were absent on examination. All patients underwent a colour Doppler ultrasound examination to confirm the presence of a thrombus in the femoral artery and its distal branches. Patients were included in the study if successful thromboembolectomy had been performed.
Patients were excluded from the study if they presented more than 12 h after the onset of symptoms, had re-thrombosis after thromboembolectomy, had a popliteal artery thromboembolism or required femoropopliteal bypass.
COLLECTION OF BLOOD SAMPLES
A radial artery catheter was inserted into all patients for invasive pressure monitoring. Arterial oxygen pressure (PaO 2 ) and arterial carbon dioxide pressure (PaCO 2 ) were measured by a Stat Profile pHOx ® CO-Oximeter (Nova Biomedical, Waltham, MA, USA) using the radial artery blood samples. Thromboembolectomy was performed under local anaesthesia (2% lidocaine). After the main femoral artery and vein were dissected, the baseline (ischaemic phase) samples were collected from the radial artery and femoral vein.
Samples were taken from the radial artery and femoral vein 2, 12 and 24 h after reperfusion via a radial artery catheter inserted before surgery and a catheter inserted into the femoral vein with its tip directed distally, respectively. At the same time, samples were taken from the femoral vein to measure lactic dehydrogenase (LDH) and creatinine kinase (CK) concentrations. Systolic and diastolic blood pressure was measured continuously via the radial artery catheter.
The samples were transferred to sterile tubes (without anticoagulants) and immediately sent to the laboratory. They were centrifuged and the sera stored at -81 º C until analysis. 
LABORATORY ANALYSIS
PRECISION OF THE CYTOKINE ASSAYS
The intrA-assay and interassay coefficients of variation as reported by the manufacturer were: IL-1β, 2.8 -4.9% and 4.8 -9.1%; IL-2R, 2.9 -3.7% and 6.1 -8.1%; IL-6, 3.6 -6.2% and 5.4 -9.6%; IL-8, 3.6 -3.8% and 5.2 -7.4%; TNF-α, 2.6 -3.6% and 4.0 -6.5%, respectively. The lowest detectable limits of IL-1β, IL-2R, IL-6, IL-8 and TNF-α were 1.5 pg/ml, 5 U/ml, 5 pg/ml, 2 pg/ml and 1.7 pg/ml, respectively.
ALVEOLAR-ARTERIAL OXYGEN GRADIENT
Alveolar-arterial (A-a) oxygen gradient for the ischaemic phase and 2, 12 and 24 h postreperfusion was calculated as follows:
where FiO 2 is the inspired O 2 fraction and P atm is the atmospheric pressure. As the O 2
STATISTICAL ANALYSIS
The data are expressed as mean ± SD. The data at different time-points were analysed with repeated measures analysis of variance. Unpaired Student's t-test was used to analyse differences between the arterial and venous concentrations. All analyses were performed using SPSS statistical software (SPSS Inc., Chicago, IL, USA). A P-value < 0.05 was considered significant.
Results
A total of 31 patients were recruited to the study. Twelve patients were excluded for the following reasons: patient presented more than 12 h after the onset of symptoms (n = 6); re-thrombosis after thromboembolectomy (n = 1); or popliteal artery (n = 2) thromboembolism; and patients requiring femoro-popliteal bypass (n = 3). The mean age of the 19 patients included in the study was 62.0 years (range 32 -79 years) and the male:female ratio was 10:9. The average time since the onset of symptoms (defined as the time from the start of extremity pain to time of surgery) was 8.2 ± 3.8 h (range 4 -12 h). Sixteen of the patients were current smokers.
PLASMA CONCENTRATIONS
The plasma concentrations of IL-1β, IL-2R, IL-6, IL-8 and TNF-α at all four time-points and their comparison are shown in Tables  1 -5, respectively. The plasma concentrations of CK and LDH are shown in Table 6 .
ARTERIAL OXYGEN GRADIENT
The A-a oxygen gradient results are given in Table 7 .
Discussion
Our study demonstrates that in patients with femoral artery occlusion, local (femoral vein) and systemic (radial artery) concentrations of IL-2R and IL-6 increase significantly after reperfusion. IL-8 concentration was only significantly increased in the radial artery. The high and progressively increasing concentration of IL-6 in the femoral vein after I/R injury, commencing in the ischaemic phase and persisting during reperfusion, suggests local cytokine production. Our observations support the hypothesis that the inflammatory process observed during thromboembolic events is amplified following reperfusion, but we could not demonstrate systemic or local increase in the levels of IL-1β during the period of I/R injury.
Harkin et al. 1 observed increased plasma concentrations of IL-6 during the ischaemic 24 h Post-reperfusion 6.5 ± 0.7 5.9 ± 0.5
None of the differences were significant. None of the differences were significant. aggravate tissue injury by inhibiting apoptosis of polymorphonuclear neutrophils, which increases their lifespan and potential to cause tissue injury 11 ). Our study demonstrates that local IL-6 production during ischaemia exceeds systemic production, and that this difference persists up to 12 h post-reperfusion. The arterial IL-6 concentration at 24 h, was still lower than the venous level at 12 h and this finding is a sign of intense local production in the extremity with the I/R injury. These results suggest that the increase in local and systemic concentrations of IL-6 during ischaemia continues after reperfusion.
T Ege, MH Us, M Sungun et al. Cytokine response in ischaemia/reperfusion
Interleukin-8, released mainly from endothelial cells during ischaemia, is an important cytokine for the interaction between endothelial cells and neutrophils. In different models of I/R, the relationship between increased IL-8 concentration and tissue injury was investigated. 1,8,10,12 Wan et al. 13 found that the IL-8 plasma concentration was increased in patients undergoing coronary artery bypass grafting after reperfusion. A correlation between the increase in cerebrospinal fluid concentration of IL-8 and spinal injury in patients undergoing surgery for thoraco-abdominal aortic aneurysms was also found. 12 Myocardial I/R injury can be attenuated by administering monoclonal IL-8 antibodies that decrease the effect of this cytokine. 10 This observation points to an association between IL-8 and tissue injury. In our study, although there was a significant increase in venous CK concentration, no significant change in IL-8 concentration in the femoral vein was seen.
It is generally accepted that IL-1 concentration increases during I/R in extremities and that IL-1 plays an important role in remote organ injury progression and lung tissue injury. 5, 6 Lawlor et al. 5 reported that TNF-α reaches a peak early in reperfusion and IL-1β concentration does not increase significantly. In our study, absence of a significant increase in IL-1β levels despite the substantial increase in A-a oxygen gradient after reperfusion suggests that IL-1β does not have an important role in this process. While TNF-α is a cytokine that influences the extent of pulmonary and muscular injury after I/R, two studies found no increase in TNF-α concentration in venous blood samples during post-ischaemic reperfusion. 1, 14 Seekamp et al. 15 observed that although the plasma TNF-α concentration was undetectable after 4 h of ischaemia, it reached a peak 1 h after reperfusion.
Conversely, an increased TNF-α concentration was reported during the ischaemic phase compared with the reperfusion phase, and the authors proposed that TNF-α blockers administered prior to the ischaemic period may prevent skeletal muscle injury. 3 In our study, there were no significant differences in TNF-α concentrations in the femoral vein or the radial artery during the ischaemic and reperfusion phases. The slight but statistically insignificant increase observed during the first 24 h following reperfusion supports previous findings. 1, 14 Interleukin-2, produced by active immune lymphocytes and considered to be an immunomodulator cytokine, exerts its biological effects by binding to its receptor, IL-2R. Activated IL-2R is believed to cause cellular proliferation and protect against apoptosis. 16 -20 In our study, gradual increases in arterial and venous IL-2R concentrations were observed after reperfusion. As the increased plasma concentration of IL-2R represents activation of T-cells, our results suggest that reperfusion does not cause an important increase in T-cell activation.
Muscle tissue proteins such as CK, myoglobin and troponin I are used to identify muscular injury. 21 -23 In our study plasma concentrations of CK and LDH, which are released from muscle tissue on I/R injury, increased after reperfusion. The increase was significant for CK, whereas the increase in LDH was minimal. The parallel changes in CK and IL-6 levels in the femoral vein point to an association between muscle injury and inflammatory response. Likewise, a parallel between IL-6 concentration in the femoral vein and change in A-a oxygen gradient was observed.
Harkin et al. 1 reported that hypoxia and pulmonary hypertension may develop when oxygen transport is disrupted due to pulmonary dysfunction observed after an I/R injury. These investigators showed that the A-a oxygen gradient after reperfusion was significantly higher in patients with I/R compared with controls. In our study, although A-a oxygen gradient peaked 2 h after reperfusion and decreased thereafter, it was well above the baseline value at 24 h post-reperfusion. This finding confirms those of other investigators, that the impairment in pulmonary gas exchange, that results from inflammatory processes in I/R injury, persists for some time.
In conclusion, except for IL-1β, we found that plasma concentrations of pro-inflammatory cytokines increased during ischaemia (due to acute arterial occlusion) and the postreperfusion period (following ischaemic elimination). The concentration of IL-6 in the ischaemic extremity increased significantly during both the ischaemic and reperfusion periods. The parallel increase in CK concentration and A-a oxygen gradient suggests that IL-6 plays an important role in acute arterial occlusion and subsequent reperfusion injury.
